cardiovascular disease, pulmonary and kidney diseases, allergy, autoimmune diseases, diabetes, patients with chronic periodontitis or oral lichen planus and those treated with anti-inflammatory drugs (except azathioprine), antioxidants, or statins, which can affect the levels of cytokines in the saliva. [19] [20] [21] 23 The study was conducted in accordance with the ethical principles of the 1975 Declaration of Helsinki. The study protocol was approved by the Commission of Bioethics at the Jagiellonian University in Krakow, and all participants gave their informed consent before enrollment.
Laboratory tests performed in all patients included blood cell counts, platelet count, and serum C-reactive protein (CRP). In patients with active CD, blood and saliva samples were taken before the start of therapy with corticosteroids.
oral examination Oral examinations were performed in each subject by 2 investigators (K.S., B.K.) who were blind to CD activity. Oral examinations involved detailed anamnesis and careful systematic assessment of the oral cavity, including the submandibular lymph nodes, lips, labial mucosa and sulci, commissures, buccal mucosa and sulci, gingiva, tongue, floor of the mouth, and hard and soft palate. 11,12 Oral lesions were identified and described according to the previously reported criteria, photographed and, if necessary, biopsied in order to establish the diagnosis of CD. 12, 15, 26 saliva collection In the sialometric evaluation, whole unstimulated saliva was collected between 8 and 10 a.m. using standard techniques in fasting patients. 27 All subjects were requested to swallow first, tilt their head forward, and then expectorate saliva for 15 minutes into a sterile centrifuge calibrated tube placed on ice. The saliva volume and flow rate were calculated. The samples were centrifuged for 20 minutes at 3500 rpm, and supernatants were separated and immediately frozen at -80ºC for further analysis.
cytokine assay Saliva supernatants were stored for 30 minutes at room temperature to defrost. Cytokine levels in the salivary supernatants were determined by the quantitative sandwich enzyme-linked immunosorbent assay (ELISA) using the human kits for IL-1β, IL-6, and TNF-α (R&D Systems Inc., Minneapolis, United States), according to the manufacturer's instructions. The sensitivity of the methods were as follows: below 1 pg/ml for IL-1β, below 0.7 pg/ml for IL-6, and 1.6 pg/ml for TNF-α. Cytokines were measured in the Laboratory of Biochemistry, 2nd Department of Internal Medicine, Kraków, Poland. statistical analysis The results were analyzed using the Statistica v. 9.0 software (StatSoft, Inc., Tulsa, United States). The results were expressed as means ± standard deviation. Statistical comparison was performed between patients with were reported in 4% to 37% of the patients with active CD. 11,12 However, the prevalence of aphthous ulcers and other nonspecific lesions is high in other diseases and the general population. 5 Because of a relatively easy access to direct visual examination of the oral cavity and biopsy, the mouth is recognized as a very useful part of the gastrointestinal tract in the diagnostic procedures of CD, especially in children. 5, [7] [8] [9] [10] [11] [12] [13] [14] [15] Inflammatory process in CD involves the entire digestive tract from the mouth to the anus. Therefore, some alterations in the saliva, which is a secretion of the salivary glands of the mouth, may possibly reflect the severity of not only oral but also systemic CD. 16 A noninvasive collection and easy access to the whole unstimulated saliva have some obvious advantages compared with blood-based analyses. 17, 18 The salivary concentrations of drugs or various biochemical compounds can be easily applied in the diagnosis or monitoring of numerous diseases. 17 Several authors reported changes in the salivary levels of selected cytokines in inflammatory diseases. [19] [20] [21] [22] [23] Nielsen et al. 24 demonstrated higher levels of salivary interleukin (IL-6) compared with serum concentrations in CD, and they speculated that it was caused by the disease process involving the mouth as part of inflammation of the entire gastrointestinal tract.
The aim of the study was to examine the prevalence of oral lesions in adult patients with CD and to investigate whether the salivary levels of interleukin 1β (IL-1β), IL-6, and TNF-α are associated with the activity and oral manifestations of CD.
PAtIents And methods Patients A prospective study was conducted in 95 adult patients with CD, including 52 patients with active (exacerbation) and 43 inactive (remission) disease. The control group comprised 45 individuals -students, staff, and patients with dyspepsia or irritable bowel syndrome. All patients were from the University Hospital in Kraków, Poland. CD was diagnosed according to the clinical, radiological, endoscopic, and histological criteria described in the European Crohn's and Colitis Organization (ECCO) guidelines.
1 Deterioration of CD was classified according to the CD activity index (CDAI), 24 which is a composite scoring system based on selected clinical symptoms, such as the number of liquid stools, severity of abdominal pain, general well-being, extraintestinal CD manifestations, abnormal abdominal mass, use of loperamide or opiates for diarrhea, as well as hematocrit and body weight. The CDAI values of 150 or less are associated with quiescent disease (remission). Values above 150 indicate active disease with 150-219 points considered as mild exacerbation, 220-450 as moderate, and above 450 points as severe.
1,25
Patients were on maintenance therapy with mesalazine and azathioprine according to the ECCO guidelines.
2 We excluded patients with a history or the signs and symptoms of systemic infections, correction was taken into account. P values less than 0.05 in the 2-sided test were considered statistically significant.
results Patient characteristics The characteristics of patients are given in tAble 1. Study groups did not differ in terms of number, age, sex, smoking status, and duration of the disease. Patients with active CD had a significantly lower body mass index (BMI), red blood cell count, and blood hemoglobin levels and higher platelet count and serum CRP levels compared with patients with inactive CD and the control group. The CDAI of patients with active CD was 256.5 ±36.9 points, and in patients with inactive disease -107.5 ±30.2 points (P <0.001). The majority of patients (73%) had moderate disease activity (CDAI >220 points), while the remaining 27% had low CD activity (CDAI <220 points). In almost 70% of the patients in both groups, inflammatory lesions were located in the terminal intestine and proximal large intestine (tAble 1). Patients did not have a history of surgery for CD.
oral lesions The prevalence of oral lesions in patients with active CD, inactive CD, and in the control groups is presented in FIGures 1 and 2. The following CD-specific oral lesions, classified according to Scheper and Brand, 38 were observed in patients with active CD: indurated polypoid tag lesions on vestibular and retromolar fossae in 13.5% active and inactive CD and the control group. The nonparametric Mann-Whitney test, χ 2 test, and the Kruskal-Wallis one-way analysis of variance were used to compare variables between different groups. Correlations between salivary parameters and oral lesions were calculated using the Spearman's rank correlation coefficient. In multiple comparisons of the data, the Bonferroni The ELISA analysis of the whole unstimulated saliva in this cohort revealed a significant increase in the levels of IL-1β, IL-6, and TNF-α in active CD compared with inactive CD and controls. Specifically, the results analyzed by the Mann--Whitney test showed significant differences in the salivary levels of IL-1β: 289.8 ±52.7 pg/ml in active CD vs. 196.7 ±42.9 pg/ml in inactive CD (P <0.039) and 168.2 ±39.1 pg/ml in controls (P <0.011 vs. active CD; P <0.095 vs. inactive CD; FIGure 4); IL-6: 13.8 ±4.2 pg/ml in active CD vs. 7.2 ±3.1 pg/ml in inactive CD (P <0.041) and 6.3 ±1.4 pg/ml in controls (P <0.01 vs. active CD; P <0.142 vs. inactive CD; FIGure 5); and TNF-α: 32.5 ±8.7 pg/ml in active CD vs. 10.2 ±6.3 pg/ml in inactive CD (P <0.002) and 6.8 ±2.8 pg/ml in controls (P <0.001 vs. active CD; P <0.850 vs. inactive CD; FIGure 6). There were no statistically significant differences in salivary IL-1β, IL-6, and TNF-α levels between patients with inactive CD and controls.
No correlations were found between IL-1β, IL-6, and TNF-α levels in the saliva and age, sex, duration of the disease, red and white blood counts, blood hemoglobin levels, and the intestinal location of CD. A positive correlation by the Spearman rank test was observed between elevated IL-6 and TNF-α levels in the saliva and specific lesions in active CD (r = 0.328, P = 0.012 and r = 0.413, P = 0.023, respectively; tAble 3), while no such relationship was observed for IL-1β (r = 0.172, P = 0.282; tAble 3). dIscussIon The study is the first to have analyzed the salivary levels of 3 important proinflammatory cytokines, IL-1β, IL-6, and TNF-α, in patients with active and inactive CD. Our results show that patients with active CD have higher salivary IL-1β, IL-6, and TNF-α levels compared with patients with inactive CD and healthy controls. Higher levels of these proinflammatory cytokines correlated with clinical and biochemical markers of disease activity. Our results confirm that salivary IL-1β, IL-6, and TNF-α are involved of the patients, cobblestoning in 11.3%, diffuse asymptomatic buccal swelling in 23%, and gingivitis in 17.3% (FIGure 1). Diffuse asymptomatic buccal swelling was diagnosed in 11.6% and gingivitis in 2.3% of the patients with inactive CD (FIGure 2). Nonspecific lesions in the oral cavity were observed in 11.5% (median lip fissure) to 32.5% (coated tongue) of the patients active CD and up to 25.6% (coated tongue) of the patients with inactive disease (FIGure 2). Nonspecific lesions were rarely observed in the control group (from 4.4% to 13.3%; FIGure 2). The Spearman rank test showed a positive correlation between the presence of specific lesions and blood hemoglobin, platelet count, serum CRP, and BMI in patients with active CD (tAble 2). However, no correlation was observed between oral lesions and the CDAI in active CD (tAble 2). cytokine levels in saliva The results of saliva analysis, including IL-1β, IL-6, and TNF-α levels, in patients with CD and the control group are presented in FIGures 3-6. The salivary flow rate was not significantly different between patients with active and inactive CD (0.41 ±0.1 and 0.38 ±0.1 ml/min, respectively) and healthy controls and that measuring IL-6 might be an additional method of evaluating and monitoring disease activity. 24 Higher salivary levels of IL-1β, IL-6, interleukin 8 (IL-8), and TNF-α in patients with other inflammatory diseases of the oral cavity, such as periodontitis, and in patients with oral cancer have been observed. [19] [20] [21] [22] [23] 27, 31, 32 Tales et al. 23 reported opposite results; they found no statistically significant differences in salivary IL-1β, IL-6, TNF-α, and other cytokines between patients with periodontitis and healthy controls. Recently, Stein et al. 30 have observed that patients with CD have increased prevalence of periodontitis, and that periodontal microbiota may affect mucosal lesions. Considering the fact that periodontal inflammation may alter cytokine levels in the saliva, we decided to exclude patients with periodontal disease from our study. Of note, cytokine levels in gastrointestinal inflammation and suggest that they could be used as additional markers of active CD. Furthermore, increased salivary IL-6 and TNF-α levels correlated with active but not inactive CD as assessed by the CDAI.
The biomarkers of an inflammatory process in the saliva of patients with active CD have been rarely studied.
28-30 Rezaie et al. 28 and Jahanshahi et al.
29 reported increased salivary epidermal growth factor, transforming growth factor-β1 (TGF-β1), oxidative stress markers, and nitric oxide in relation to disease activity in patients with CD. Nielsen et al. 24 observed a significant difference in salivary IL-6 levels between patients with CD and reference persons (median, 16.9 ng/l vs. 6.3 ng/l; P <0.05). The authors concluded that higher IL-6 levels in the saliva of patients with CD confirmed the general involvement of the gastrointestinal tract extending to the mouth cavity thrombopoiesis, as well as tumor growth induction and suppression. 32,34 TNF-α and IL-6, in combination with some other cytokines, exhibit immunoregulatory activities through a complex cytokine network and have been reported to be involved in the pathogenesis of several chronic inflammatory diseases, such as inflammatory bowel diseases, rheumatoid arthritis, asthma, and others. 22,27,34 Rhodus et al. 19 showed that NF-κB-dependent cytokines are elevated in the saliva of patients with several diseases. 19, 27, 33 CD is a chronic inflammatory disorder characterized by not fully elucidated T-cell-mediated immune response against the epithelial cells with persistent accumulation of T lymphocytes and epithelial cell damage. 35 Higher salivary levels of proinflammatory cytokines may be caused either by the local production from the cells of inflammatory infiltrations of the oral mucosa and/or salivary glands, or by the loss of structural barriers of the oral mucosa, particularly in the active inflammatory process. 22 Our results confirm that patients with active CD have higher levels of IL-1β, IL-6, and TNF-α compared with patients with inactive CD and controls. In another, so far unpublished study conducted in the same group of patients with CD, we have shown much lower serum levels of IL-6 and TNF-α compared with their salivary levels, which may suggest increased secretion of these proinflammatory cytokines to the saliva. Specifically, serum IL-6 levels were 6.1 ±3.8 pg/ml in active CD vs. 2.47 ±1.7 pg/ml in inactive CD (P <0.05) and 2.07 ±1.2 pg/ml in controls; serum TNF-α levels were 4.6 ±5.8 pg/ml in active CD vs. 1.6 ±0.9 pg/ml in inactive CD (P <0,05) and 1.62 ±1.3 pg/ml in controls. Nielsen et al. 24 demonstrated higher levels of IL-6 in the saliva of patients with CD compared with serum levels, most likely caused by local secretion of IL-6. 24 The authors speculated that the inflammatory process of the entire gastrointestinal tract including the mouth may subsequently affect the levels of inflammatory markers in the saliva. 24 Our studies have confirmed this observation in patients with active CD. Moreover, we observed increased levels of other proinflammatory cytokines in the saliva, namely, IL-1β and TNF-α.
IL-6 is the major mediator of inflammation, and together with IL-1β and TNF-α, it stimulates the synthesis of acute-phase proteins, including CRP, and activates bone marrow cells with the release of platelets to the blood.
24 Elevated CRP and increased platelet count observed in our study in patients with active CD may be caused by higher salivary and blood levels of proinflammatory cytokines. 24, 35 Our study also confirmed a close correlation between the elevated salivary levels of IL-6 and TNF-α, but not IL-1β, and specific oral lesions in patients with active CD as assessed by the CDAI. Lack of association between increased salivary IL-1β and specific oral lesions in patients with active disease is difficult to explain in this study, particularly because IL-1β, similarly to IL-6 in the whole unstimulated saliva of healthy controls reported by other authors were similar to our results. Specifically, the mean IL-1β levels were between 61.1 and 173.2 pg/ml vs. 168 ±39.1 pg/ml in our study; IL-6 levels were between 1.35 and 47.46 pg/ml vs. 6.3 ±1.4 pg/ml in our study; and TNF-α levels were between 2.24 and 4.06 pg/ ml vs., 6.8 ±2.8 pg/ml in our study. 19, 20, 22, 27, 31 Despite the heterogeneity of the results and different study populations, it may be concluded that patients with active CD have altered cytokine production, which is reflected by the levels of proinflammatory cytokines in the saliva.
Saliva plays an important role in maintaining proper oral environment. 18 Results from our sialometric study confirm a previous finding that the saliva flow rate in patients with active and inactive CD is within the normal range, i.e., between 0.36 and 0.41 ml/min. 11 Our study showed that the levels of proinflammatory cytokines (IL-1β, IL-6, and TNF-α) in the whole unstimulated saliva of patients with active CD were significantly higher compared with patients with inactive disease and healthy controls. Our results are consistent with the study of Nielsen et al., 24 who observed elevated IL-6 levels in the saliva of patients with CD 24 and with the studies by other investigators who reported increased salivary cytokines in other inflammatory diseases. [19] [20] [21] [22] [23] 27, 31, 32 Studies in patients with various oral disorders, such as periodontal disease, lichen planus, and oral carcinoma, demonstrated that the levels of certain proinflammatory and proangiogenic nuclear factor-κB (NF-κB)-dependent cytokines are increased in the whole unstimulated saliva. 19, 22, 27 The analyzed NF-κB-dependent cytokines (IL-1β, IL-6, and TNF-α) could play an important and complex role in the induction of an inflammatory process such as CD.
33-35 NF-κB is a primary transcription factor that controls the expression of genes encoding a series of cytokines with proinflammatory, immunoregulatory, and proangiogenic activity, including TNF-α, interleukin 1α, 22, 27, 34 Activation of NF-κB also contributes to the expression of genes that mediate inflammatory and immune response.
22,27,34 TNF-α and IL-6 are secreted by T and B lymphocytes, monocytes, endothelial cells, epithelial cells, and macrophages and play a significant role in the stimulation of T and B lymphocytes, induction of acute-phase proteins, stimulation of hematopoiesis and diet, malabsorption, adverse effects of drugs, as well as anemia and deficiencies of iron, fat-soluble vitamins, folic acid, or vitamin B 12 , which are typically associated with CD. 12 We observed CD-specific lesions, classified according to Scheper and Brand, 38 in 23% of the patients with active CD. Indurated polypoid tag lesions on vestibular and retromolar fossae were found in 13.3% of the patients, cobblestoning in 11.3%, and gingivitis in 17.3%. The most characteristic and the most common lesion is the inner cheek swelling, which was observed in 23% of the patients in our study. 612, 38 Investigators report a varying prevalence of oral lesions in patients with active and inactive CD. [10] [11] [12] 26 It may be caused by numerous factors including age, ethnicity, and the severity of active CD as assessed by the CDAI. 12 Experience of the investigator and definition of disease-specific lesions should also be considered.
12 Numerous studies described nonspecific lesions as characteristic of oral CD. 15,38 Therefore, it is important to describe oral lesions in patients with CD according to a classification that is based on a careful evaluation of the lesions. 10,38 The prevalence of CD-specific lesions in adult patients reaches 32% 4,12 and is much lower than in children (up to 80%). 8, 12 Our study showed an association between oral CD in patients with active disease and increased levels of erythrocytes, hemoglobin, platelets, serum CRP, and BMI. However, no correlation was observed between the CDAI and oral CD. Interestingly, several case reports confirmed that severe oral lesions may occur in patients without clinical symptoms of active CD. 13, 16, 40 In conclusion, the present study demonstrated that proinflammatory cytokines, such as IL-1β, IL-6, and TNF-α, are elevated in the whole unstimulated saliva of patients with active CD compared with patients with inactive disease and controls. Cytokine levels correlated with several markers of the inflammatory process and the presence of oral lesions, confirming that the mouth cavity is involved in patients with active CD. The observation that IL-1β, IL-6, and TNF-α in the whole saliva are significantly elevated in active CD compared with inactive CD and the control group may have diagnostic and prognostic value. Furthermore, salivary cytokine levels in saliva may be useful sensitive biomarkers of CD activity. Moreover, considering that over 11% of the patients with active CD had disease-specific lesions in the oral cavity, careful oral examination of the lesions should be included in the clinical evaluation of patients with CD.
and TNF-α, correlated with other inflammatory markers. We can only speculate that the antagonistic effect of CD medication on salivary IL-1β may partially explain the lack of a statistically significant correlation between oral lesions in active CD as assessed by the CDAI and IL-1β levels in the saliva. Our findings should be confirmed in a larger group of patients.
The study has several limitations. First, we did not analyze other parameters of inflammatory process or oxidative stress markers. The importance of oxidative stress in the pathophysiology of CD is well known and was studied with respect to the mucosal inflammation of the oral cavity by several authors. Jahanshahi et al. 29 analyzed the whole saliva of patients with CD and observed oxidative stress in the saliva with increased values of nitric oxide and lipid peroxide markers as well as decreased antioxidant power assessed by ferric-reducing ability. Rezaie et al.
28
measured oxidative capacity, specific antioxidants in saliva such as uric acid, albumin, transferring, and thiol molecules as well as lipid peroxidation, nitric oxide, and TGF-β in the saliva of patients with active CD. 28 They observed significant reduction in salivary levels of total antioxidant capacity, albumin, and uric acid in active CD, and the CDAI correlated with the antioxidant capacity and lipid peroxidation. 28 We also did not analyze the effect of smoking on salivary cytokines. Several authors reported higher systemic levels of IL-1β, IL-6, and TNF-α in healthy smokers compared with healthy nonsmokers but it was not confirmed by other investigators. 32, 36, 37 Conflicting data regarding these cytokines in the saliva of smokers with CD require further research.
Another limitation of our study is the fact that the patients with CD were chronically treated with mesalazine and azathioprine, and we could not exclude the effect of these anti-inflammatory drugs on the measured cytokines. Both drugs are currently recommended as maintenance therapy of patients with CD. 2 The present study showed that more than 11% of the patients with active CD had disease--specific lesions in the oral cavity. Oral lesions specific for CD have been described in several studies and confirmed by histological examination with characteristic granuloma in inflammatory lesions. [10] [11] [12] 38 Types of CD-specific oral lesions have been described by numerous authors and included diffuse swelling of the lips, buccal mucosal swelling, mucogingivitis, cobblestoning and granulomatous cheilitis, deep linear ulcerations, and mucosal tags.
12,38 Halme et al. 11 studied 53 patients with CD located in the small and large intestine and observed specific oral inflammatory lesions confirmed by histopathological examination in 9 patients with active disease. Nonspecific lesions occur more often in CD and can be found in patients without gastrointestinal diseases or even in the general population. 8, [11] [12] [13] [14] [15] 39, 40 The high prevalence of these lesions may be caused by a specific 
